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(57) ABSTRACT 

According to an embodiment, a method of forming a film is 
provided. In the method of forming a film, a reversed pattern 
which is the reverse of a desired layout pattern is formed on a 
first substrate. Subsequently, a pattern material of the desired 
layout pattern is Supplied to a second Substrate as a reversal 
material. Thereafter, the reversed pattern is brought into con 
tact with the reversal material such that the reversed pattern 
faces the reversal material, so that the reversed pattern is filled 
with the reversal material by a capillary phenomenon. 

23 Claims, 5 Drawing Sheets 
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METHOD OF FORMING FILM, METHOD OF 
FORMING PATTERN, AND METHOD OF 
MANUFACTURING SEMCONDUCTOR 

DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the benefit of 
priority from Japanese Patent Application No. 2011-208116, 
filed on Sep. 22, 2011; the entire contents of which are incor 
porated herein by reference. 

FIELD 

Embodiments disclosed herein relate generally to a method 
of forming a film, a method of forming a pattern, and a 
method of manufacturing a semiconductor device. 

BACKGROUND 

In imprint lithography Such as nanoimprint lithography, 
when a template pattern has a sparse pattern density, it takes 
a long time to fill the template pattern with a resist. For such 
a reason, an imprint pattern is formed on a wafer by using a 
template pattern which is the reverse of a desired template 
pattern, and then a reversal material is formed on the waferas 
a film. Subsequently, the imprint pattern is removed, leaving 
the reversal material, so that the desired pattern on the waver, 
which is the reverse of the imprint pattern, is formed. 

However, when a density difference occurs within the 
imprint pattern formed on the wafer, at the time when the 
imprint pattern is removed, even a film of an underlying layer 
(an underlying layer film) is etched at the portion where a 
pattern density is sparse. Therefore there was a problem that 
damage was caused to a base Substrate. Accordingly there has 
been the demand for a method of forming a pattern on a wafer 
using a reversal material without causing damage to an under 
lying layer film. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram illustrating a configuration of a film 
forming apparatus according to a first embodiment; 

FIGS. 2A to 2D are diagrams describing a sequence of a 
pattern forming process according to the first embodiment; 

FIGS. 3A to 3D are diagrams for describing a sequence of 
a pattern forming process when a reversal material is directly 
applied onto a wafer; 

FIG. 4 is a diagram illustrating a configuration of a film 
forming apparatus according to a second embodiment; and 

FIG. 5 is a diagram illustrating a configuration of a film 
forming apparatus according to a third embodiment. 

DETAILED DESCRIPTION 

In general, according to an embodiment, a method of form 
ing a film is provided. In the film forming method, a reversed 
pattern which is the reverse of a desired layout pattern is 
formed on a first substrate. Then, a pattern material of the 
desired layout pattern is Supplied onto a second Substrate as a 
reversal material. Thereafter, the reversed pattern is brought 
into contact with the reversal material such that the reversed 
pattern faces the reversal material, so that the reversal mate 
rial is enabled to fill the spaces in the reversed pattern by a 
capillary phenomenon. Then, the second Substrate is sepa 
rated from the reversal material. 
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2 
Exemplary embodiments of a method of forming a film, a 

method of forming a pattern, and a method of manufacturing 
a semiconductor device will be explained below in detail with 
reference to the accompanying drawings. The present inven 
tion is not limited to the following embodiments. 

First Embodiment 

FIG. 1 is a diagram illustrating a configuration of a film 
forming apparatus according to a first embodiment. A film 
forming apparatus 10A is an apparatus for forming a film of a 
reversal material 6A on a substrate such as a wafer W (a first 
substrate). The film forming apparatus 10A of this embodi 
ment forms a film, which makes an imprint pattern 21 
reversed, (a reversal material 6A) on the imprint pattern 21 (a 
reversed pattern) formed on the wafer W. The film forming 
apparatus 10A is equipped with a Substrate Supporting unit 1, 
a reversal material Supplying unit 2A, a Supply target plate 5 
(a second Substrate), a plate rotating unit 4A, and a UV light 
illuminating unit 11. 
The substrate supporting unit 1 holds the wafer W from the 

back side thereof by, for example, vacuum adsorption Such 
that the front surface of wafer W is put face down in the 
vertical direction. An imprint pattern 21 is formed on the front 
Surface of the wafer W using imprint lithography Such as 
nanoimprint lithography. The imprint pattern 21 here is a 
pattern which is the reverse of the desired pattern to beformed 
on the wafer W. In other words, when the imprint pattern 21 is 
reversed, it will be the desired pattern to form on the wafer W. 
Therefore the imprint pattern 21 on the wafer W is formed 
using a template pattern which is the reverse of the template 
pattern used to form the desired pattern on the wafer W. 
A reversal material Supplying unit 2A is an apparatus 

which Supplies a Supply target plate 5 with a material (reversal 
material 6A) of a film to be formed on the wafer W. At the time 
when the reversal material 6A is Supplied to the Supply target 
plate 5, the reversal material Supplying unit 2A moves up to 
above the supply target plate 5. When the supply of reversal 
material 6A to supply target plate 5 is finished, the reversal 
material Supplying unit 2A moves to a location where it is 
distanced from the supply target plate 5. For example, the 
reversal material 6A is a liquid material containing silicon 
(for example, SOG: Spin On Glass). 
The Supply target plate 5 is a plate-shaped member that 

stores the reversal material 6A supplied from the reversal 
material Supplying unit 2A. The Supply target plate 5 includes 
a principal Surface which is substantially circular and bigger 
than a principal surface of the wafer W and stores the reversal 
material 6A on the front surface side. The back side of the 
supply target plate 5 is fixed by the plate rotating unit 4A. The 
Supply target plate 5 may beformed as a transparent Substrate 
Such as a glass Substrate. 
The plate rotating unit 4A is an apparatus for causing the 

Supply target plate 5 to rotate, and is configured to include a 
fixing portion 41 and a rotary shaft 42. The fixing portion 41 
of the plate rotating unit 4A fixes the Supply target plate 5 
from the back side. On the back side of the fixing unit 41, the 
rotary shaft 42 is joined with the center of the back side. The 
plate rotating unit 4A is formed as a transparent member Such 
as a glass. 
When the supply target plate 5 is supplied with the reversal 

material 6A from the reversal material Supplying unit 2A, the 
rotary shaft 42 rotates, and this rotation causes the fixing 
portion 41 and the Supply target plate 5 on the fixing portion 
41 to rotate. Through this operation, the reversal material 6A 
is spin-coated on the Supply target plate 5 in the film forming 
apparatus 10A. 
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In addition, the plate rotating unit 4A is configured to be 
movable in the vertical direction. When the reversal material 
6A is supplied to the supply target plate 5 from the reversal 
material Supplying unit 2A, the plate rotating unit 4A moves 
downto separate the Substrate Supporting unit 1 from the plate 
rotating unit 4A by a predetermined distance. When filling the 
imprint pattern 21 with the reversal material 6A, the plate 
rotating unit 4A is lifted up toward the wafer W. and is 
lowered down toward the UV light illuminating unit 11 at the 
time when the imprint pattern 21 is completely filled with the 
reversal material 6A. 
The UV light illuminating unit 11 is arranged on the back 

side of the plate rotating unit 4A and illuminates the reversal 
material 6A with UV light through the plate rotating unit 4A 
and the Supply target plate 5, which are formed as transparent 
members. The reversal material 6A is illuminated with UV 
light to be cured. 

Next, a sequence of a pattern forming process (a sequence 
of a reversing process) according to the first embodiment will 
be described. FIGS. 2A to 2D are diagrams illustrating the 
pattern forming process according to the first embodiment. 
An imprint pattern 21, which is the reverse of a desired pattern 
to be formed on the wafer W, is formed on the front surface of 
a wafer W. The substrate supporting unit 1 supports the wafer 
W from the back side. 
The reversal material Supplying unit 2A Supplies the Sup 

ply target plate 5 with a reversal material 6A serving as the 
material of a film to beformed on the wafer W. In this case, the 
plate rotating unit 4A causes the Supply target plate 5 to rotate. 
The reversal material 6A is formed as a film on the supply 
target plate 5 in the film forming apparatus 10A as illustrated 
in FIG. 2A. 

Thereafter, the plate rotating unit 4A moves the Supply 
target plate 5 with the reversal material 6A formed thereon 
such that the supply target plate 5 approaches the wafer W. 
thereby bringing the reversal material 6A into contact with 
the imprint pattern 21 on the wafer W such that the reversal 
material 6A faces the wafer W. After this, as illustrated in FIG. 
2B, concave portions (pattern spaces) of the imprint pattern 
21 are filled with the reversal material 6A by a capillary 
phenomenon. Here, the filling process is a process similar to 
imprint lithography using a template. Therefore the wafer W 
here corresponds to a template, and the imprint pattern 21 
corresponds to the template pattern. Further, the reversal 
material 6A corresponds to an imprint resist. 

After this, the UV light illuminating unit 11 illuminates the 
reversal material 6A with UV light from the back side of the 
plate rotating unit 4A in a state in which the plate rotating unit 
4A makes the reversal material 6A be in contact with the 
wafer W. Because of this, the reversal material 6A that has 
filled the imprint pattern 21 is cured. 

After the reversal material 6A is cured, the plate rotating 
unit 4A is lowered down and thus the supply target plate 5 is 
separated from the reversal material 6A (mold releasing). 
Next, the reversal material 6A that has filled the imprint 
pattern 21 is etched back, so that, as illustrated in FIG. 2C, the 
top surfaces of convex portions of the imprint pattern 21 are 
exposed. Accordingly, the reversal material 6A is partially 
etched at the top Surface portion and thus becomes a reversal 
material 6B. In the wafer W, the top surfaces of the convex 
portions of the imprint pattern 21 and the top surface of the 
reversal material 6B are Substantially equal in height, and thus 
the top surface of the wafer W becomes substantially flat. 

Thereafter, as illustrated in FIG. 2D, the imprint pattern 21 
is selectively removed by etching so that only the reversal 
material 6B remains. The pattern formed of the reversal mate 
rial 6B is a pattern (desired pattern) which is the reverse of the 
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4 
imprint pattern 21. For example, as the imprint pattern 21 is 
removed, a hole pattern his formed at the position where the 
imprint pattern 21 has been rested. Thereafter, the wafer W 
undergoes the next process in the next step. 

Hereinbelow, a sequence of processes of a pattern forming 
method concerning a case in which the reversal material is 
directly applied on the wafer W will be described. FIGS. 3A 
to 3D are diagrams describing a sequence of a pattern forming 
process concerning a case in which the reversal material is 
directly applied on the wafer. As illustrated in FIG. 3A, an 
imprint pattern 21, which is the reverse of a desired pattern, is 
formed on the front surface of the wafer W. 
As illustrated in FIG.3B, a reversal material 7A serving as 

a material offilm to be formed on the wafer W is applied to the 
imprint pattern 21 by a spin coating method or the like. When 
the reversal material 7A is spin-coated on the wafer W, there 
is a difference in the film thickness of the reversal material 7A 
between a portion with a sparse pattern density and a portion 
with a dense pattern density in the imprint pattern 21. Spe 
cifically, the film thickness of the reversal material 7A is small 
at the portion with a sparse pattern density and large at the 
portion with a dense pattern density. 

After that, the reversal material 7A, formed as a film on the 
imprint pattern 21, is etched back so that the top surfaces of 
convex portions of the imprint pattern 21 are exposed as 
illustrated in FIG. 3C. Through this process, the reversal 
material 7A is partially etched at the top surface portion and 
thus becomes a reversal material 7B.. As a result, at the portion 
with a dense pattern density within the imprint pattern 21, the 
top surface of the imprint pattern 21 and the top surface of the 
reversal material 7B may be substantially equal in height. On 
the other hand, at the portion with a sparse pattern density 
within the imprint pattern 21, the film thickness of the reversal 
material 7B is relatively small. 
The imprint pattern 21 is selectively removed by etching as 

illustrated in FIG. 3D and the reversal material 7B remains. 
The pattern formed of the reversal material 7B is a pattern 
which is the reverse of the imprint pattern 21. The hole pattern 
h is formed at the portion where the pattern density of the 
imprint pattern 21 has been dense. On the other hand, since 
the film thickness of the reversal material 7B is small at the 
portion X where the pattern density of the imprint pattern 21 
has been sparse, the etching is executed up to an underlying 
layer of the reverse material 7B. Therefore the film thickness 
of the portion X with the sparse pattern density is excessively 
thin. This may result in damage to the wafer W (the underly 
ing layer of the imprint pattern 21). 
By using the pattern forming processing described with 

reference to FIGS. 2A to 2D, the pattern formation can be 
performed using the reversal material 7B without causing 
damage to the wafer W (the underlying layer of the imprint 
pattern 21) regardless of the density (sparse or dense) of the 
pattern in the imprint pattern 21. Accordingly, filling failure 
of the reversal material can be solved. 

In addition, in this embodiment, a mold releasing process is 
performed after the UV illumination. However, the UV illu 
mination may be performed after the mold releasing process. 
Specifically, before the reversal material 6A is cured, the plate 
rotating unit 4A is lowered down so that the Supply target 
plate 5 is separated from the reversal material 6A. After that, 
the reversal material 6A is illuminated with UV light from the 
back side of the plate rotating unit 4A. By this process, the 
reversal material 6A that has filled the imprint pattern 21 is 
cured. Since the UV illumination is performed after the mold 
releasing process, the reversal material 6A can be easily sepa 
rated from the supply target plate 5. 
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In this embodiment, the film forming apparatus 10A is 
equipped with the supply target plate 5. However, the film 
forming apparatus 10A and the Supply target plate 5 may be 
configured as separate parts. At the time when the imprint 
material 21 is filled with the reversal material 6A or at the time 5 
when the reversal material 6A is removed from the supply 
target plate 5, the Substrate Supporting unit 1 may be lowered 
down in the vertical direction. 
AS Such, according to the first embodiment, because the 

reversal material 6A is enabled to fill the concave portions 
(pattern spaces) of the imprint pattern 21 by a capillary phe 
nomenon, the reversal material 6A can be uniformly formed 
as a film on the wafer W. Therefore the pattern, which is the 
reverse of the imprint pattern 21 (the pattern formed of the 
reversal material 6B), can beformed without causing damage 
to the underlying layer present under the imprint pattern 21 
when the imprint pattern 21 is removed. In other words, the 
reversal material 6A, that can make the imprint pattern 21 
reversed, can be formed on the wafer W without giving dam- 20 
age to the underlying film. Moreover, since the reversal mate 
rial 6A is supplied to the supply target plate 5 by the spin 
coating, the reversal material 6A can be supplied to the Supply 
target plate 5 in a short time. 
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25 

Second Embodiment 

Next, a second embodiment of the invention will be 
described using FIG. 4. In the second embodiment, a reversal 
material 6A is Supplied to a Supply target plate 5 by an inkjet 30 
type of liquid droplet dropping apparatus. In addition, the 
reversal material 6A may be cured by a baking heater. 

FIG. 4 is a diagram illustrating a configuration of a film 
forming apparatus according to the second embodiment. 
Among each of components of FIG.4, components that func- 35 
tion in the same manner as those of the film forming apparatus 
10A according to the first embodiment illustrated in FIG. 1, 
are denoted by the same reference numerals and the redun 
dant description thereof will not be given. 
A film forming apparatus 10B of this embodiment is 40 

equipped with a reversal material Supplying unit 2B instead of 
the reversal material Supplying unit 2A, is equipped with a 
baking heater 12 instead of the UV light illuminating unit 11, 
and is equipped with a plate Supporting unit 4B instead of the 
plate rotating unit 4A, compared with the film forming appa- 45 
ratus 10A. 
The reversal material Supplying unit 2B is an inkjet type of 

liquid droplet dropping apparatus and applies a droplet-like 
reversal material 6A onto a Supply target plate 5 by an inkjet 
coating method. The baking heater 12 is arranged on the back 50 
side of the plate supporting unit 4B to transmit heat to the 
reversal material 6A from the back side of the plate support 
ing unit 4B. The reversal material 6A is cured by the heat 
transmitted from the baking heater 12. 

The plate Supporting unit 4B fixes a Supply target plate 5 55 
from the back side. In addition, the plate Supporting unit 4B is 
configured to be movable in the vertical direction. When the 
reversal material 6B is supplied to the supply target plate 5 
from the reversal material Supplying unit 2B, the plate Sup 
porting unit 4B is lowered down to increase a distance 60 
between the Substrate Supporting unit 1 and the plate Support 
ing unit 4B by a predetermined distance. The plate Supporting 
unit 4B is lifted toward the wafer W at the time when the 
imprint pattern 21 is filled with the reversal material 6B, and 
is lowered toward the baking heater 12 at the time when the 65 
filling of the imprint pattern 21 with the reversal material 6B 
is finished. 

6 
A pattern forming process according to the second embodi 

ment (pattern forming process using the film forming appa 
ratus 10B) is the same as the pattern forming process accord 
ing to the first embodiment (pattern forming process using the 
film forming apparatus 10A) in terms of the processing 
sequence. That is, an imprint pattern 21 is formed on the front 
surface of a wafer W. A reversal material supplying unit 2B 
Supplies a Supply target plate 5 with a liquid droplet-like 
reversal material 6B. At this time, the reversal material 6B is 
arranged at the location corresponding to the pattern shape of 
the imprint pattern 21. 

After that, the reversal material 6B is brought into contact 
with the wafer W such that the reversal material 6B faces the 
wafer W. Concave portions (pattern spaces) of the imprint 
pattern 21 are filled with the reversal material 6B by a capil 
lary phenomenon. Subsequently, the reversal material 6B is 
heated by the baking heater 12 in a state in which the reversal 
material 6B still remains in contact with the wafer W. 
Through this process, the reversal material 6B that has filled 
the imprint pattern 21 is cured. 

After the reversal material 6B is cured, the supply target 
plate 5 is separated from the reversal material 6B (mold 
releasing). Next, the reversal material 6B that has filled the 
imprint pattern 21 is etched back so that the top surfaces of 
convex portions of the imprint pattern 21 can be exposed. 
With this process, the reversal material 6B will be etched on 
the top surface portion to become a reversal material 6B. 
Accordingly, in the wafer W, the top surfaces of the convex 
portions of the imprint pattern 21 and the top surface of the 
reversal material 6B may be substantially equal in height, and 
the top surface of the wafer W may become substantially flat. 
Thereafter, the imprint pattern 21 is selectively removed by 
etching, and the reversal material 6B is left. 

Furthermore, in this embodiment, the description is given 
concerning a case in which the film forming apparatus 10B is 
equipped with the reversal material Supplying unit 2B and the 
plate Supporting unit 4B. However, the filing forming appa 
ratus 10B may be equipped with the reversal material supply 
ing unit 2A and the plate rotating unit 4A in place of the 
reversal material Supplying unit 2B and the plate Supporting 
unit 4B. In addition, in this embodiment, the description is 
given concerning a case in which the film forming apparatus 
10B is equipped with the baking heater 12, but it may be 
equipped with the UV light illuminating unit 11 in place of the 
baking heater 12. 

In addition, the layout position of the baking heater 12 is 
not limited to the back side of the plate supporting unit 4B. 
The baking heater 12 may be arranged, for example, higher 
than the Substrate Supporting unit 1 or may be arranged inside 
the plate Supporting unit 4B or inside the Substrate Supporting 
unit 1. In addition, in this embodiment, the Supply target plate 
5 may be configured as a nontransparent Substrate (a silicon 
substrate, a metallic substrate, or the like). 
AS Such, according to the second embodiment, since the 

reversal material 6A fills the concave portions (pattern 
spaces) of the imprint pattern 21 by the capillary phenom 
enon, the reversal material 6A can be uniformly formed as a 
film on the wafer W. Therefore, at the time when the imprint 
pattern 21 is removed, the pattern (the pattern formed of the 
reversal material 6B), which is the reverse of the imprint 
pattern 21, can be formed without causing damage to the 
underlying film of the imprint pattern 21. In other words, the 
reversal material 6A that can reverse the imprint pattern 21 
without causing damage to the underlying film can beformed 
on the wafer W. In addition, because the reversal material 6A 
is supplied to the supply target plate 5 in the form of liquid 



US 9,108,342 B2 
7 

droplets, the concave portions of the imprint pattern 21 can be 
filled with a small amount of the reversal material 6A. 

Third Embodiment 

Next, a third embodiment of the invention will be described 
using FIG. 5. In the third embodiment, concave portions of an 
imprint pattern 21 is filled with a reversal material 6A using a 
capillary phenomenon under the conditions of reduced pres 
Sure and cooling. 

FIG. 5 is a diagram illustrating a configuration of a film 
forming apparatus according to the third embodiment. 
Among each of components of FIG. 5, components that func 
tion in the same way as those of the film forming apparatus 
10A according to the first embodiment illustrated in FIG. 1 15 
are denoted by the same reference numerals and the redun 
dant description thereof will not be given. 
A film forming apparatus 10C of this embodiment is 

equipped with a cooling unit 31 and a decompressing unit 32 
in addition to the components of the film forming apparatus 
10A. The cooling unit 31 cools a reversal material 6A which 
fills concave portions of an imprint pattern 21. The decom 
pressing unit 32 reduces the inside pressure of the film form 
ing apparatus 10C to below atmospheric pressure at the time 
when the concave portions of the imprint pattern 21 are filled 
with the reversal material 6A. 

At the time when the concave portions of the imprint pat 
tern 21 are filled with the reversal material 6A, when the 
pressure in the vicinity of the imprint pattern 21 or the tem 
perature of the reversal material 6A changes, the filling speed 
also changes. Because of this, with this embodiment, in order 
for the filling speed to improve, the pressure in the vicinity of 
the imprint pattern 21 or the temperature of the reversal mate 
rial 6A is controlled. 

Generally, a rising height h (unit: m) of a liquid level 35 
(reversal material 6A) by the capillary phenomenon is 
expressed by the following Formula (1). 

10 

25 

30 

Formula 1 40 

(1) 

T=surface tension (N/m) 45 
0-angle of contact 
p-density of liquid (kg/m) 
g acceleration due to gravity (m/s) 
rinside diameter (radius) of tube (m) 
Furthermore, the liquid here corresponds to the reversal 

material 6A, and the tube corresponds to the concave portion 
of the imprint pattern 21. 

In addition, according to the law of Eotvos, the relation 
between the surface tension and the temperature are 
expressed by the following Formula (2). 

50 

55 

Formula 2 

dyi (2) 60 
y = k (T. - T() 

Tc-critical temperature 
Y=surface tension (N/m) 
d=density 
M-molecular weight 

65 

8 
Furthermore, constant k is about 2 (cm mol’s-K') 

regardless of the type of liquid. 
Therefore, in this embodiment, before the concave por 

tions of the imprint pattern 21 are filled with the reversal 
material 6A, the reversal material 6A, with which the concave 
portions of the imprint pattern 21 are filled, are cooled by the 
cooling unit 31. For example, the cooling unit 31 cools the 
reversal material 6A to the temperature (below room tem 
perature) (for example 10°C.) lower than the outside tem 
perature of the film forming apparatus 10C. The cooling unit 
31 may cool the reversal material 6A inside the reversal 
material supplying unit 2A (the reversal material 6A before 
being Supplied to the Supply target plate 5) or may cool the 
reversal material 6A on the supply target plate 5. When the 
reversal material 6A on the supply target plate 5 is cooled, the 
cooling unit 31 cools the reversal material 6Aby, for example, 
cooling the supply target plate 5. In addition, before the 
concave portions of the imprint pattern 21 are filled with the 
reversal material 6A, the decompressing unit 32 may reduce 
the inside pressure of the film forming apparatus 10C to 
below atmospheric pressure. 

This operation increases the surface tension of the reversal 
material 6A which is an Si-based reversal material. As a 
result, the concave portions (contact hole patternand the like) 
of the imprint pattern 21, which is formed on the wafer W. can 
be uniformly filled with the reversal material 6A at high 
speed. 

Furthermore, in this embodiment, the film forming appa 
ratus 10C is configured by adding the cooling unit 31 and the 
decompressing unit 32 to the configuration of the film form 
ing apparatus 10A, but it may be configured by adding the 
cooling unit 31 and the decompressing unit 32 to the configu 
ration of the film forming apparatus 10B. In addition, the film 
forming apparatus 10C is configured by including both of the 
cooling unit 31 and the decompressing unit 32, but it may be 
configured by only either one of the cooling unit 31 and the 
decompressing unit 32. 
A filling process of filling the imprint pattern 21 with the 

reversal material 6A and a reversed-pattern forming process 
using the reversal material 6B are performed, for example, for 
each layer of wafer processing. Because of this, a semicon 
ductor device (semiconductor integrated circuit) is manufac 
tured. Specifically, after a process of forming the imprint 
pattern 21 is performed, a process offiling the imprint pattern 
21 with the reversal material 6A is performed. Subsequently, 
a process of forming the reversed pattern using the reversal 
material 6B is performed, and thereafter a process of forming 
a film on the reversed pattern is performed. When a semicon 
ductor device is manufactured, the process of forming the 
imprint pattern 21, the process of filling the imprint pattern 21 
with the reversal material 6A, the process of forming the 
reversed pattern using the reversal material 6B, and the pro 
cess of forming a film on the reversed pattern are repeated for 
each of the layers. 

In this way, according to the third embodiment, since the 
imprint pattern 21 is filled with the reversal material 6A in a 
state in which the pressure in the vicinity of the imprint 
pattern 21 is reduced, the surface tension of the reversal 
material 6A increases. In addition, since the imprint pattern 
21 is filled with the reversal material 6A in a state in which the 
reversal material 6A is cooled, the surface tension of the 
reversal material 6A increases. Accordingly, the concave por 
tions of the imprint pattern 21 can be filled with the reversal 
material 6A uniformly at high speed. 
AS Such, according to the first to third embodiments, the 

reversal material 6A that can reverse the imprint pattern on 
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the wafer W can be formed as a film without causing damage 
to the underlying film on the wafer W. 

While certain embodiments have been described, these 
embodiments have been presented by way of example only, 
and are not intended to limit the scope of the inventions. 
Indeed, the novel embodiments described herein may be 
embodied in a variety of other forms; furthermore, various 
omissions, Substitutions and changes in the form of the 
embodiments described herein may be made without depart 
ing from the spirit of the inventions. The accompanying 
claims and their equivalents are intended to cover Such forms 
or modifications as would fall within the scope and spirit of 
the inventions. 
What is claimed is: 
1. A method of forming a film, comprising: 
forming a first pattern on a first Substrate; 
Supplying a pattern material on a second Substrate, the 

pattern material being a reversal material, the second 
substrate being different from the first substrate; 

filling the first pattern with the pattern material using a 
capillary phenomenon by bringing the first pattern into 
contact with the pattern material such that the first pat 
tern faces the pattern material, the pattern material being 
on the second Substrate; and 

separating the second Substrate from the pattern material 
with the pattern material left between convex portions of 
the first pattern on the first substrate. 

2. The method of forming a film according to claim 1, 
wherein the pattern material is Supplied to the second Sub 
strate by spin coating. 

3. The method of forming a film according to claim 1, 
wherein the reversal material is supplied to the second sub 
strate by inkjet coating. 

4. The method of forming a film according to claim 1, 
wherein the first pattern is filled with the pattern material in a 
state in which the vicinity of the first pattern is put under 
reduced pressure lower than atmospheric pressure. 

5. The method of forming a film according to claim 1, 
wherein the first pattern is filled with the pattern material in a 
state in which the pattern material is cooled Such that a tem 
perature of the pattern material is lower than an outside tem 
perature of an apparatus which fills with the pattern material. 

6. A method of forming a pattern, comprising: 
forming a first pattern on a first Substrate; 
Supplying a pattern material on a second Substrate, the 

pattern material being a reversal material, the second 
substrate being different from the first substrate; 

filling the first pattern with the pattern material using a 
capillary phenomenon by bringing the first pattern into 
contact with the pattern material such that the first pat 
tern faces the pattern material, the pattern material being 
on the second Substrate; 

separating the second Substrate from the pattern material 
with the pattern material left between convex portions of 
the first pattern on the first substrate; and 

forming a second pattern with the pattern material by 
removing the first pattern from the first substrate such 
that the pattern material remains on the first Substrate, 
the second pattern being a reverse of the first pattern. 

7. The method of forming a pattern according to claim 6. 
wherein the pattern material is Supplied to the second Sub 
strate by spin coating. 

8. The method of forming a pattern according to claim 6. 
wherein the reversal material is supplied to the second sub 
strate by inkjet coating. 

9. The method of forming a pattern according to claim 6, 
wherein the first pattern is filled with the pattern material in a 
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state in which the vicinity of the first pattern is put under 
reduced pressure equal to or lower than atmospheric pressure. 

10. The method of forming a pattern according to claim 6. 
wherein the first pattern is filled with the pattern material in a 
state in which the pattern material is cooled Such that a tem 
perature of the pattern material is lower than an outside tem 
perature of an apparatus which fills with the pattern material. 

11. The method of forming a pattern according to claim 6. 
wherein the reversal material is cured by heating the reversal 
material with which the reversed pattern is filled. 

12. The method of forming a pattern according to claim 6. 
wherein the pattern material is cured by illuminating, with 
UV light, the pattern material with which the first pattern is 
filled. 

13. A method of manufacturing a semiconductor device, 
comprising: 

forming a first pattern on a first Substrate; 
Supplying a pattern material on a second Substrate, the 

pattern material being a reversal material, the second 
substrate being different from the first substrate; 

filling the first pattern with the pattern material using a 
capillary phenomenon by bringing the first pattern into 
contact with the pattern material such that the first pat 
tern faces the pattern material; 

separating the second Substrate from the pattern material; 
and 

forming a desired layout pattern with the pattern material 
by removing the first pattern from the first substrate such 
that the pattern material remains on the first substrate. 

14. The method of manufacturing a semiconductor device 
according to claim 13, wherein the pattern material is Sup 
plied to the second Substrate by spin coating. 

15. The method of manufacturing a semiconductor device 
according to claim 13, wherein the reversal material is Sup 
plied to the second Substrate by inkjet coating. 

16. The method of manufacturing a semiconductor device 
according to claim 13, wherein the first pattern is filled with 
the pattern material in a state in which the vicinity of the first 
pattern is put under reduced pressure equal to or lower than 
atmospheric pressure. 

17. The method of manufacturing a semiconductor device 
according to claim 13, wherein the first pattern is filled with 
the pattern material in a state in which the pattern material is 
cooled such that a temperature of the pattern material is lower 
than an outside temperature of an apparatus which fills with 
the pattern material. 

18. The method of manufacturing a semiconductor device 
according to claim 13, wherein the reversal material is cured 
by heating the reversal material with which the reversed pat 
tern is filled. 

19. The method of manufacturing a semiconductor device 
according to claim 13, wherein the pattern material is cured 
by illuminating, with UV light, the pattern material with 
which the first pattern is filled. 

20. The method of forming a film according to claim 1, 
wherein the first pattern includes the convex portions Sup 
plied at first intervals in a first region on the first substrate and 
the convex portions Supplied at second intervals in the first 
region on the first substrate, the second intervals being differ 
ent from the first intervals. 

21. The method of forming a pattern according to claim 6. 
wherein the first pattern includes the convex portions Sup 
plied at first intervals in a first region on the first substrate and 
the convex portions Supplied at second intervals in the first 
region on the first substrate, the second intervals being differ 
ent from the first intervals. 
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22. The method of forming a pattern according to claim 6. 
wherein the first pattern is selectively removed by etching. 

23. The method of manufacturing a semiconductor device 
according to claim 13, wherein the first pattern is selectively 
removed by etching. 5 
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